A new method for evaluating the resting direction of the eyes based on the use of afterimages was developed. With this technique, the effect of gaze deviations relative to the individually determined resting direction was investigated among naive subjects. Moderate gaze deviations have no effect on reports of autokinesis. Only at extreme deviations which approach anatomical limits is the direction of reported autokinetic movement biased in the direction of the deviation. The possible contribution of efferent and afferent mechanisms to autokinesis is discussed.
(exafference) from the self-produced afference resulting from movement of the sense organs (reafference). The perceived movement of an object that is tracked so that the retinal image remains relatively motionless is assumed to be mediated by the uncanceled efference copy. In the case of an eccentrically located AK stimulus, it is assumed that the eyes will tend to drift back to the resting direction unless this tendency is counteracted by the activation of extraocular muscles that oppose the direction of drift. This voluntary effort would, according to reafference theory, be accompanied by an efference copy, but since the muscular activity is directed at maintaining fixation on the AK stimulus, no reafference (movement of the retinal image) follows. As a result, the uncanceled efference copy is perceived as illusory movement of the fixated stimulus in the direction of the voluntary effort.
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In addition to this efferent explanation, afferent mechanisms have also been proposed to account for the reported effects of gaze deviation on the direction of AK. Specifically, it has been suggested that, during the attempt to maintain eccentric fixation, small drifts of the eyes occur in the direction of the resting direction. This results in retinal image motion of the fixated stimulus and stimulation of afferent motion-analyzing mechanisms (Matin & MacKinnon, 1964) .
Despite the fact that the effect of gaze deviation on AK is well established in the literature, it was decided to reanalyze the relationship between gaze deviation and AK drifts. There are two bases for reinvestigating this relationship.
Suggestion
It has been recognized since the classic studies of Sherif (1935) that suggestion plays a major role in reports of AK. In the course of investigating gazedeviation effects in our laboratory, we discovered that subjects who were aware of the hypothesis that gaze deviation should bias AK in the direction of the effort produced data that conformed with the theory. 455 Copyright 1983 Psychonomic Society, Inc.
Contrary results, however, were obtained from naive subjects, who reported random AK movement for moderate gaze deviation (up to 22.5 deg), Moreover, if naive subjects were made aware of the theory. their subsequent responses were biased in the expected direction. As a result of these observations, only naive subjects were tested in the present experiments, in contrast to many previous investigations of gaze deviation. A detailed description of studies in which expectations were systematically manipulated and a theoretical discussion of possible mechanisms underlying this effect have been reported elsewhere (Leibowitz, Shupert, Post, & Dichgans, in press ).
The Resting Direction of the Eyes
If maintaining deviated gaze is a factor in AK, it is necessary to know where the eyes are normally directed in the absence of a fixation stimulus. Knowledge of this "resting direction of the eyes" permits specification of the direction and magnitude of gaze deviation. Consistent with this reasoning, Vaegan (1976) identified a position of the stimulus relative to the observer at which the reported direction of AK is random. He referred to this as "the physiological position of rest and phoria." Stimuli located at other positions were reported to move in the direction of the gaze deviation presumably as a result of the effort required to maintain a deviated gaze.
In the present study, a new method for determining the resting direction of the eyes was developed. This technique, which assumes that the localization ofan afterimage corresponds to its retinal location, is based on an observation by Troland (1917) , that a faded afterimage is reactivated by changes in background luminance. A foveal afterimage is produced by a photoflash, after which the subject sits quietly in the dark and makes no effort to move the eyes. After the afterimage has faded, it is reactivated by dimly illuminating a screen in front of the subject, who is requested to mark the apparent position of the afterimage. After a few trials, this procedure exhibits high reliability for most subjects. This procedure, unlike Vaegan's method, is independent of reports of AK.
The considerable intersubject variability in the resting direction is indicated by the scatterplot in Figure 1 for 93 naive observers. In general, the resting direction is below the horizontal plane of the eyes and left of the median sagittal plane. Intersubject variability in this particular oculomotor resting position is not entirely unexpected in view of previous reports that the oculomotor adjustments of accommodation (Leibowitz & Owens, 1978) and convergence (Owens & Leibowitz, 1976 , 1980 both demonstrate marked intersubject variability in their resting positions. The origin and significance of this variability will not be discussed here. However, it is clear that individual variability in the resting direction is
• LEFT EYE
• RIGHT EYE Figure 1 . Seatterplot of the direction of gaze in the dark for 93 subjects.
marked and could be important in experimental studies of the effect of gaze deviation on AK. Given this large intersubject variability in the resting direction, the individually determined values of the resting direction were used as a null position in all studies of gaze deviation.
Two studies are reported. In the first, AK data were obtained at the resting direction and for 22.5 deg of eccentricity at the four cardinal directions. In the second study, the AK stimulus was presented in the horizontal meridian at eccentricities up to 60 deg from the individually determined resting direction.
EXPERIMENT 1 Method
Eleven males and 19 females, who were naive to the purpose of the experiment, participated in the experiment. The subjects were recruited from introductory psychology courses and received course credit in compensation.
The subjects were tested individually. At the beginning of the session, the subject was seated at a chinrest SO em in front of a screen, which filled the entire field of view. The nondominant eye (as determined by a sighting technique) was patched, and the subject was instructed to fixate a point on a photoflash that was masked in such a way as to generate a rectangular afterimage, subtending 4.S x 2.2S deg, with an unstimulated circular area, 2.2S deg in diameter, in the center. After the flash was activated, the room lights were extinguished and the subject allowed the afterimage to fade. When fading was complete, the subject illuminated the screen with a flashlight and marked the position of the renewed afterimage. Approximately seven such positions were determined. The median of the horizontal and vertical distributions of the marks was used as the subject's resting direction. Following the location of the resting direction, the subject was asked to observe the AK movement of a light-emitting diode affixed to the screen at one of five positions: at the subject's resting direction and at 22.S deg directly up, down, right, or left of the resting direction. Three 20-sec trials were carried out for each position of the diode, and positions were presented in random order. On each trial, the subject rested for 20 sec with eyes closed, following which the experimenter gave a verbal command to start observation. The subject observed the light-emitting diode for 20 sec while listening to a metronome ticking at 1 Hz, and then verbally reported the number of seconds of AK movement observed in each of eight directions: up, down, left, right, and the four obliques.'
Results
The data, presented as the percentage of time directional AK movement was reported, are described in Figure ridian. A 6O-deg deviation is not possible with movement of the eyes alone; rather, it represents a combination of maximum eye deviation plus some head movement.
EXPERIMENT :1
Method
Thirty adult volunteers (19 females, 11 males) participated. All had observed AK movement prior to participating but were naive to the purpose of the experiment. The resting direction of the dominant eye was determined for each subject as in Experiment 1. The experiment consisted of 18 20-sec trials carried out in blocks of 3 trials at each of six positions of the AK stimulus: at the resting direction and at 22.S deg to the right, 22.S deg to the left, 40 deg to the right, 40 deg to the left, and 60 deg to the right or left (to the left for left-eye-dominant subjects and to the right for right-eye-dominant subjects). AK movement was recorded as in Experiment 1.
Results
The average number of seconds of AK movement reported in each of eight directions as a percentage of the total movement observed at the seven stimulus positions is presented in Figure 3 . The results indicate that the tendency to report AK in the direction of gaze deviation is unaffected by a deviation of 22.5 deg from the resting direction as previously reported. There is some gaze deviation bias at 40 deg, Only at 60 deg, which involves a maximum eye deviation plus some head rotation, does AK tend to be strongly directionally biased in the direction of gaze deviation.
A statistical analysis of the data confirms the trends present in the diagram. Data for right-eyedominant subjects (n = 24) were grouped separately from those for left-eye-dominant subjects (n = 6), and the amount of east or west movement reported at each stimulus position was summed across all trials. A 2 x 6 x 2 (eye-dominance group x stimulus position x reported direction of movement) analysis of variance with repeated measures on the last two factors was performed and yielded the following significant effects. Significantly more AK movement was reported for stimulus positions 60 deg eccentric to the resting direction than for all other stimulus positions movement reported for stimuli placed at the resting direction and at 22.5 deg eccentricity do not differ, reports in the predicted direction for stimuli placed 40 or 60 deg eccentric to the resting direction.
DISCUSSION
The present results indicate that the role of gaze deviation in AK is minor. Only deviations that approach anatomical limits result in biased AK movement.
With respect to the mechanism subserving this phenomenon, there are two categories of possible explanations:
Efferent-Whenever the pursuit system is acti-. vated an efferent motion signal is simultaneously generated. This signal, referred to variously as efference copy (von Holst & Mittelstaedt, 1950) or corollary discharge (Sperry, 1950) , serves to mediate object motion perception during visual pursuit. In the case of voluntary pursuit, even though the retinal image is nearly stationary, the neural signal involved in tracking subserves motion perception. The efferent interpretation of the effect of gaze deviation argues that maintenance of extreme gaze deviations also requires a voluntary effort of the pursuit system and that the associated efferent motion signal is responsible for the illusory motion. Thus, the effort required to maintain deviated gaze produces an efferent motion signal, with the result that illusory motion is perceivedin the direction of the effort.
Afferent-The eyes are not perfectly stable during fixation (see, e.g., Steinman, 1965) , so that retinal image motion can occur as a consequence of involuntary losses of fixation. In afferent interpretations of AK movement, this motion is presumed to stimulate directionally specific motion analyzers. In the case of deviated gaze, it is assumed that the losses of fixation are increasingly biased toward the resting direction of the eyes as a function of eccentricity. As a result, those motion analyzers responsible for signaling object motion in the opposite direction are stimulated, leading to the perception of target motion away from the resting direction. Alternatively, it can be hypothesized that extraocular muscle stretch receptors could provide a signal indicating the effort involved in maintaining eccentric gaze. Misinterpretation of this signal as arising from a pursuit movement could result in illusory motion of the fixated stimulus.
Both of these explanations are consistent with other examples of illusory motion. For example, the oculogyral illusion is assumed to result from the effort required to preserve fixational stability by suppressing vestibular nystagmus generated by the vestibuloocular reflex (Whiteside, Graybiel, & Niven, 1965) . Similarly, the apparent movement of a fixated point of light in the dark during head translation is assumed to result from the effort required to oppose or supplement the smooth compensatory eye movements associated with lateral acceleration of the head (Post & Leibowitz, 1982) .
On the basis of both the present data and previous reports, it is not possible to decide among these alternatives. For example, as extraocular muscle is progressively weakened by curarization, it would be expected that, for a given eccentricity, the effort required to maintain deviated gaze would increase, while activation of the stretch receptors would decrease. Matin (Note 1) observed that the illusory motion of eccentrically located stimuli increases with the level of paralysis. These observations are consistent with both afferent and efferent interpretations, since both the pursuit effort required to maintain fixation and the amount of retinal slip would increase with increasing paralysis.
However, evidence for an efferent interpretation is provided by studies of eye movements. It is well known that AK decreases with increasing target size (Royce et al., 1966) . In contrast to this finding, Steinman (1965) has reported that the pattern of small eye movements is little influenced by target size. This pattern of results is inconsistent with an afferent interpretation, since the amount of retinal slip is unrelated to target size. It is likely that the decrease in AK with large stimuli results from the increasing contribution of reflexive gaze stabilization mechanisms that are known to be activated more with larger contour (Dichgans, Nauck, & Wolpert, 1973) . With increasing reflexive stabilization, correspondingly less voluntary effort is required to maintain fixation. Further support for this notion comes from the data of Westall and Aslin (1982) , who have observed the pattern of small eye movements occurring both during fixation of a target that exhibits AK movement and during fixation of one that does not. Their findings show no difference in the frequency and amplitude of these movements between these two conditions. It is therefore unlikely that retinal image motion plays a large role in AK movement.
